3
of uracil, which is synthesized by PyrF.
In the second step, the plasmid region (Tk0147-Tk0148-pdaD-Tk0150-pyrF) in the genome was removed by the so-called "pop-out recombination" (9) process in the presence of 5-fluoroorotic acid (SFig. 1). Because 5-fluorouracil synthesized from 5-fluoroorotic acid by PyrF is toxic, the colonies without the pyrF gene can survive and the pdaD gene in the resultant strain is disrupted (SFig. 1). We named the constructed strain (ΔpyrF, ΔtrpE, ΔpdaD) as KUWA (STable 1).
Thermococcus kodakarensis arcTGT (Tk0760) gene disruption (∆arcTGT) strain was constructed from the strain KUWA by the same method (SFig. 2). A plasmid vector, pUD∆arcTGT (SFig. 2) , was used in this construction instead of pUDpdaD (SFig. 1).
The KTA1493 strain was constructed by homologous recombination (SFig. 3). The pyrF and Ta1493 genes were introduced into the Tk1765 (chiA) region. Tk1765 gene encodes chitinase. The deletion of Tk1765 gene does not cause any growth defect unless chitin is used as a carbon source (10) .
The variants of T. acidophilum tRNA Leu were constitutively expressed using plasmid vectors as described in the main text. The plasmid vectors for supplying the tRNA Leu gene were constructed from the pTK02 vector (7) .
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MATERIALS AND METHODS
The strains and plasmids used in this study are listed in Supplementary Table 1 . The primers used for genetic manipulations in T. kodakarensis are listed in Supplementary Table 2 .
Strain and growth media
Thermococcus kodakarensis strain KUW1 was a kind gift from Dr. Tamotsu Kanai (Kyoto University). Thermococcus kodakarensis strains were cultured under anaerobic conditions at 60°C or 85°C in a nutrient-rich medium (MA-YT) or a synthetic medium (ASW-AA).
MA-YT medium (1 L) contains 0.8 × Marine Art SF1 reagent (Osaka Yakken Co. Ltd., Osaka, Japan), 5 g yeast extract (Y), and 5 g tryptophan (T). Sodium pyruvate (5 g) or elemental sulfur (2 g) was supplied into 1 L MA-YT medium prior to culture. ASW-AA medium is a synthetic medium that contained a mixture of vitamins, modified Wolfe's trace minerals and the 20 canonical amino acids dissolved in 0.8 × artificial seawater (2, 3) . Elemental sulfur (2 g) was added into 1 L ASW-AA medium prior to culture. For colony isolation, solid ASW-YT and MA-YT media containing 1 g of gelrite and 0.4 g of polysulfide per 0.1 L were used.
Construction of T. kodakarensis strain KUWA
To construct the plasmid vector, pUDpdaD (SFig. 1, SFig. 4 and STable 1), for the Tk0149 (pdaD) gene disruption in T. kodakarensis strain KUW1, the pdaD gene with the 5´-and 3´flanking regions (1,000 base pairs each) was amplified from the T. kodakarensis genomic DNA 5 by polymerase chain reaction (PCR) using a primer set (AgF/AgR) (SFig. 4 and STable 2).
The amplified DNA was inserted downstream of the pyrF gene in a plasmid vector, pUD3 (11) .
Next, reverse PCR was performed with a primer set (delAgF/delAgR) to remove the pdaD gene.
The amplified fragment was then self-ligated to generate the plasmid, pUDpdaD (SFig. 1 and SFig. 4). pUDpdaD was used to transform T. kodakarensis strain KUW1, and transformants were cultured in a uracil-free ASW-AA liquid medium containing agmatine at 85°C for 24 h.
The cultures were then spread onto an ASW-AA solid medium supplemented with 5-fluoroorotic acid. Single colonies were picked up and then cultured in MA-YT medium containing agmatine at 85°C for 12h. The cells were harvested and then suspended in distilled water. Genomic DNA was extracted from the cells by phenol-chloroform treatment. DNA sequencing of the recombination region was performed.
Construction of the ∆arcTGT strain
To construct the plasmid vector, pUD∆arcTGT (SFig. 2, SFig. 5 and STable 1), for the Tk0760 (arcTGT) gene disruption in T. kodakarensis strain KUW1, the arcTGT gene with the 5´-and 3´-flanking regions (1,000 base pairs each) was amplified from the T. kodakarensis genomic DNA by PCR using a primer set (arcTGTFF/arcTGTR) (SFig. 5 and STable 2). The amplified DNA was inserted downstream of the pyrF gene in a plasmid vector, pUD3 (11) . Next, reverse PCR was performed with a primer set (delarcTGTF/delTGTR) to remove the arcTGT gene. The amplified fragments were then self-ligated to generate the plasmid, pUDarcTGT (SFig. 5).
The pUD∆arcTGT was used to transform T. kodakarensis strain KUWA. Transformants were cultured in a uracil-free ASW-AA liquid medium containing agmatine at 85°C for 24 h. The 6 cultures were then spread onto an ASW-AA solid medium supplemented with 5-fluoroorotic acid. Single colonies were picked up and then cultured in MA-YT medium containing agmatine at 85°C for 12h. The cells were harvested and suspended in distilled water.
Genomic DNA was extracted from the cells by phenol-chloroform treatment. DNA sequencing of the recombination region was performed.
Construction of the KTA1493 strain
The conditional expression system in T. kodakarensis was previously developed by Hirata et al Expression of the T. acidophilum wild-type and mutant tRNA Leu species in the KTA strain 7 The replicable plasmid in T. kodakarensis, pTK02, was a gift from S. Fujiwara, Kwansei
Gakuin University in Japan (7) . DNA fragments that carried the T. acidophilum tRNA Leu gene in the genome of the T. kodakarensis strain KUWA was disrupted in two steps. In the first step, the entire region of the plasmid vector, pUD∆arcTGT was introduced into the genome by homologous recombination (single crossover insertion). In the second step, the Tk0759-pyrF gene region derived from the plasmid was deleted by culture in the presence of 5-fluoroorotic acid (pop-out recombination). As a result, the arcTGT gene (Tk0760) was deleted from the genome of the strain KUWA. to the lack of a replication origin. Given that the Tk1765 (chiA) gene encodes chitinase, the deletion of Tk1765 gene does not cause any growth defect unless chitin is used as a carbon source. In this system, the Ta1493 gene product was constitutively expressed under the fructose-1, 6-bisphosphatase (FBPase) promoter.
